Mycobacterium bovis is a re-emerging zoonosis; it was diagnosed in five Abyssinian cats in a breeding cattery in Italy. The infection entered the cattery with an imported kitten (cat A); it had a suspected bite wound on its leg that had been treated at a veterinary clinic in Kiev, Ukraine, which is probably where it became infected with M. bovis. When the kitten arrived in Italy, there were four cats in the cattery; an adult female, her two kittens and a kitten imported from Russia. These were all healthy, and had no outdoor access. All five cats developed tuberculous interstitial pneumonia; in cat A this occurred 6 weeks after importation, the others were diagnosed 4-6 weeks later. Three cats were euthanised with deteriorating pneumonia while two cats remained clinically well on antibiotic therapy (marbofloxacin, doxycycline and azithromycin). The latter cases were euthanised after 
| INTRODUCTION
Tuberculous mycobacterial infections are a global health concern in humans and animals (LoBue, Enarson, & Thoen, 2010) . Worldwide, one-third of all humans are infected with Mycobacterium tuberculosis (WHO 2010) ; while Mycobacterium bovis, the main cause of tuberculosis (TB) in cattle, also infects other mammals including humans, where it causes~1% of cases (Biet, Boschiroli, Thorel, & Guilloteau, 2005; Olea-Popelka et al., 2017; Scott et al., 2016) . Mycobacterium bovis is a significant concern in many countries: in cattle and badgers in Great Britain (GB) and Ireland (Abernethy, 2013; Gallagher & Clifton-Hadley, 2000) ; in deer in parts of the US (Walter et al., 2012) ; in common brushtail possums in New Zealand (NZ; de Lisle, Bengis, Schmitt, & O'Brien, 2002) ; and in cattle and many endangered species in Africa (Renwick, White, & Bengis, 2007) . In GB, M. bovis in animals is a serious concern; in deer, camelids, goats, sheep, pigs Pesciaroli et al., 2014) , South America (Barandiaran et al., 2017; Ramdas et al., 2015; Zumárraga et al., 2009) , Australia (Isaac, Whitehead, Adams, Barton, & Coloe, 1983) and NZ (de Lisle, Mackintosh, & Bengis, 2001) . Cats in GB appear to be at significant risk;~1% of all routine feline tissue biopsies have histopathological changes consistent with mycobacteriosis (Gunn-Moore, Gaunt, & Shaw, 2013) , with 15% being infected with M. bovis and 19% being infected with Mycobacterium microti (the vole bacillus), which is also a member of the TB complex (Burthe et al., 2008; Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011) . Importantly, M. bovis infection in cats poses a zoonotic risk; disease can progress rapidly, with large numbers of mycobacteria being found within infected tissues and exudates (Murray et al., 2015) , which can pass from cats to people (Isaac et al., 1983; Roberts, O'Connor, Nuñez-Garcia, de la Rua-Domenech, & Smith, 2014) .
Depending on the route of infection, TB in cats can present with signs related to the alimentary or respiratory tracts, or with disease affecting the skin and/or local lymph nodes (Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011; Jennings, 1949) . Historically, TB in cats was quite common, mainly presenting with alimentary disease, caused by cats drinking tuberculous cow's milk (Jennings, 1949) . Following the reduction of TB in cattle, and pasteurisation of their milk, there was a marked decline in this form of disease and of TB in cats in general (Gunn-Moore, 2010; Snider, 1971) . Most TB is now cutaneous and/or presents as peripheral lymphadenopathy (Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011) . This is believed to result from infected rodent bites and/or contamination of fight wounds (Burthe et al., 2008; Gunn-Moore, 2014) . Geographically, M. bovis in cats is seen where it is prevalent in local domestic and wildlife species e.g., cattle, badger and rodents (Burthe et al., 2008; Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011) .
Respiratory involvement is uncommon, typically remaining asymptomatic until late on in disease (Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011) . Dyspnoea and a soft cough occur later than cutaneous lesions, with diffuse interstitial pathology seen on radiography (Bennett, Lalour, Swartz, & Gunn-Moore, 2011) , leading to the hypothesis that is it secondary to haematogenous spread (Gunn-Moore, 2010; Krishnan, Robertson, & Thwaites, 2010) . Only rarely does it appear to be acquired through inhalation, when tubercles arise in the lungs and/or hilar lymph nodes (Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011; Jennings, 1949) .
Treating M. bovis in cats is contentious because of the zoonotic risk and the potential for generating drug-resistant mycobacteria (Gunn-Moore, 2014) . While the reported prognosis is only~40% of cases achieve apparent cure, many cats in that study were treated sub-optimally (short course monotherapy; Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Schock et al., 2011) . With appropriate therapy, consisting of rifampicin, azithromycin and pradofloxacin, for 4-6 months, many more cutaneous and/or pulmonary cases resolve (Gunn-Moore, 2014). This paper reports on an outbreak of M. bovis in a household of Abyssinian cats in Italy that were infected when a sick kitten was imported from Ukraine. This report details the outbreak, and considers potential routes of infection and dissemination.
| OUTBRE AK CASES

| Cat A
A 5-month-old male entire Abyssinian cat (cat A) was imported to Milan, Italy, from a breeder in Kiev, Ukraine (see Timeline of Outbreak, Figure 1 ). Five weeks prior to importation, the kitten was reported to have been bitten on its right front leg. It was an indooronly cat that lived with three adult cats and three kittens; it was presumed that the kitten had been bitten by one of these cats. The kitten was treated at a veterinary clinic in Kiev, Ukraine. Its wound was cleaned with chlorhexidine, a solution of dimethyl sulfoxide and 10% povidone-iodine (Betadine), and a Penrose drain was placed 
| Cat B
One week after cat A's euthanasia, and still pending its PME find- | 253 marbofloxacin (2 mg/kg PO q24h; Marbocyl, Vetequinol), but deteriorated over 5 days, and was euthanised.
The body was sent to the regional institute of public health (L'isti- 
| Cat C
Cat C, was a 4-month-old male entire Abyssinian cat, son of cat B
and brother of cat D, born in the Milan cattery. It was clinically well; however, thoracic radiographs showed an interstitial-alveolar lung pattern (Timeline, Figures 1 and 3b) . It was treated with marbofloxacin (2 mg/kg PO q24h; Marbocyl, Vetoquinol), doxycycline (10 mg/kg PO q24h; Ronaxan, Merial) and azithromycin (10 mg/kg PO q24h; Zithromax, Pfizer). Despite this, it became dyspnoeic and, when there had been no improvement after 2 weeks, it was euthanised.
The body was sent to the regional institute of public health (L'istituto Zooprofilattico della Lombardia e dell'Emilia Romagna; http:// www.izsler.it/izs_bs/s2magazine/index1.jsp?idPagina=10) for PME.
This revealed mesenteric and mediastinal lymphadenopathy, plus hepatomegaly and splenomegaly, with disseminated white focal lesions of various sizes in the liver, spleen and lung parenchyma.
Histopathology revealed multifocal areas of necrosis in the lymph nodes and granulomatous pneumonia; AFB was seen within the macrophages and extracellularly, PCR confirmed M. tuberculosis complex, but could not speciate further.
| Cat D
Cat D, was a 4-month-old male entire Abyssinian cat, son of cat B and brother of cat C, born in the Milan cattery. It was clinically well; however, chest radiographs revealed an interstitial-alveolar lung pattern (Timeline, Figures 1 and 3c 
| Cat E
Cat E, was a 5-month-old female entire Abyssinian cat that had been imported from a cat breeder in Saransk, Russia at the same time as cat A was imported from Ukraine. It was clinically well; however, chest radiographs revealed a broncho-interstitial-alveolar lung pattern (Timeline, Figures 1 and 3d) . It was treated with the same drugs and doses as cats C and D, and remained well on treatment for 5 weeks.
It was euthanased at the insistence of the Italian government (Gazzetta Ufficiale Della Republica Italiana; http://www.gazzettaufficiale.
it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubbli cazioneGazzetta=1954-06-24&atto.codiceRedazionale=054U0320&e lenco30giorni=false).
This revealed mesenteric and mediastinal lymphadenopathy, necrotic white focal lesions within the lungs, congested liver, spleen and kidneys, distended large intestine and thickened oedematous uterine walls. Histopathology revealed chronic granulomatous pleuro-pneumonia, granulomatous inflammation of mediastinal and mesenteric lymph nodes, reactive hepatitis and lymphoplasmacytic enteritis.
Bacterial culture and ZN staining were negative, but PCR confirmed M. tuberculosis complex, but was unable to speciate further.
| Summary of outbreak and additional information
Cat A was bitten on its leg 5 weeks before exportation from Ukraine (see Timeline, Figure 1 ). The kitten developed tuberculous pneumonia for 6 weeks after being imported and was euthanised because of progressive disease a week later. The four other cats developed tuberculous pneumonia within 10 weeks of cat A joining the Italian cattery. Cats B and C were euthanased within 2 weeks of developing dyspnoea because of progressive disease. Cats D and E had to be euthanased after 5 weeks, despite responding to treatment, because Italian law insisted on it. All five cats were dead within 15 weeks of cat A arriving in Italy.
The owner of the Italian cattery was tested for TB four times at 2-month intervals using the Mantoux tuberculin skin test; she tested negative each time (she was diabetic and had other long-term health issues). The breeder in Ukraine and her two children had no active pulmonary TB lesions (as determined by thoracic radiography), and two of her cats were negative for TB on PCR of bronchial lavage.
| DISCUSSION
There are few reports describing outbreaks of M. bovis infection in pet cats (Isaac et al., 1983; Monies, Jahans, & de la Rue, 2006; Murray et al., 2015) . This outbreak is important; it appears to show carriage of M. bovis from Ukraine to Italy, followed by its rapid transmission to cause diffuse mixed-interstitial pneumonia in five cats, with three cats progressing to need euthanasia, despite treat- one that goes outside and hunts, followed by mutual grooming (Isaac et al., 1983; Murray et al., 2015; Posthaus et al., 2011) . The young age of the cats in this outbreak may have predisposed to infection (Snow, Sismanidis, Denholm, Sawyer, & Graham, 2018) . While being Abyssinian cats were not recognised as a risk factor for TB, it may have played a role as this breed is predisposed to Mycobacterium avium infection (Baral et al., 2006; Sieber-Ruckstuhl, Sessions, Sanchez, Latimer, & Greene, 2007) .
The spoligotype (SB0950) has not been reported in animals in
Ukraine (where only one spoligotype has so far been registered) or it was actually bitten by a tuberculous rodent, (c) the wound was contaminated at the clinic in Ukraine or, (d) the wound became infected during transportation to Italy. It is also possible that the wound became infected (e) in the Italian cattery, (f) perhaps by cat E (who was imported from Russia, arriving at the same time as cat A) or (g) at the small animal-only Italian clinic.
It appears unlikely that the original bite was tuberculous as the cats in that cattery were not allowed outside, did not drink raw milk or eat raw meat, and when questioned the breeder felt that rodent access was extremely unlikely. Additionally she, her family, and her other cats were and remain, well. Then again, cat A's passport was questionable, so the possibility remains that he originated in Russia, and brought M. bovis with him, although this appears unlikely.
Nosocomial transmission of M. bovis to cats has been reported before (de Lisle, Collins, Loveday, Young, & Julian, 1990; GunnMoore, Jenkins, & Lucke, 1996; Murray et al., 2015) . This is consid- Although the wound could have been infected during transportation to Italy, this is considered unlikely, as the wound had healed at that point (albeit temporarily).
Infection once in Italy is unlikely. The national data on spoliotyping was extensive and robust, so it is unlikely that this spoligotype had been missed (Amato et al., 2017) . Similarly, cat A already had the wound when he left Ukraine, and the Italian clinics only saw small animals (so the risk from tuberculous farm stock was absent).
Infection from cat E (from Russia) is unlikely given the timeframe, especially as cat E was one of the last cats to become sick. Spoligotype data could not help to rule out cat E as the source of infection, as nothing is known about circulating spoligotypes in Russia.
Mycobacterium bovis could have been transmitted to the cats in the Italian cattery from cat A (a) via transcutaneous transmission e.g., penetrating skin damage, (b) inhalation or (c) alimentary infection. Chest radiographs of the infected cats showed diffuse mixedinterstitial infiltration of the entire lung field, and the PMEs revealed dissemination to the lungs, liver and spleen, plus mesenteric and mediastinal lymphadenopathy. This miliary lung pattern is usually seen in cats following putative haematogenous spread from a distant site e.g., an infected bite (Bennett et al., 2011; Gunn-Moore, 2010) , or as part of disseminated disease in people, where the lungs, liver and spleen are typically affected (Krishnan et al., 2010) . Potential haematogenous spread explains the pulmonary pathology in cat A, as it was secondary to infection of a skin wound. However, for the other cats, the route of entry of the infection remained unconfirmed, even after PME.
Transcutaneous infection appears unlikely. While cat A did bite cats B and E when introduced to the cattery, there was minimal damage (only slight crusting), there was no associated peripheral lymphadenopathy (Gunn-Moore, 2014) , and no other kittens developed cutaneous lesions.
Inhaled tuberculous droplets do not usually penetrate deeply and diffusely into lungs; they typically result in individual tubercles, associated with focal or multifocal pneumonia and/or hilar lymphadenopathy (Bennett et al., 2011; Jennings, 1949) , as was seen in cat B. The diffuse broncho-interstitial-alveolar pneumonia seen in cats C-E, and to some extent cat B, could potentially have resulted from deep inhalation of infectious droplets, perhaps when playing with toys or, more likely, if the air-conditioning unit became infected.
If that had occurred, the small uniform droplet size could have resulted in the pulmonary pathology seen in cats B-E. However, if this had occurred, the owner would probably have been infected too, and they remain Mantoux test negative.
Intestinal transmission was probably the most likely source of infection for cats C-E. It could have occurred via shared food and water bowls or mutual grooming. While Cat A's wound was covered, his coat could have become contaminated by serosanguineous discharge. Some tuberculous cat wounds produce multi-bacillary exudates, resulting in rapid transmission to other cats (Murray et al., 2015) . The presence of mesenteric lymphadenopathy and hepatitis supports this route of transmission, although it could also have resulted from disseminated disease following infection by another route. While there was no observable tuberculous enteropathy at PME, the acute nature of the infections may have precluded its development; it is therefore possible that the cats were shedding M. bovis in their faeces in the absence of gross GI pathology.
Infection in the cats may have been expedited by concurrent infection e.g., FeLV, FIV, Mycoplasma spp. etc. (Perry, Hussain, & Parsonnet, 2011) . However, while not investigated fully, where assessed, no additional infections were found. Alternatively, cats young age could have facilitated infection (Snow et al., 2018) , resulting in rapidly fulminant infection (Krishnan et al., 2010) , which could have been augmented by the stress of importation in cats A and E.
The infection of cat A could have passed undetected while he was still in Ukraine if it became latent or even partially controlled by the cat′s immune system, only to become clinically significant following the stress of travelling, or other factor(s). Since environmental contamination of the Italian cattery is likely to have been extensive, it is remarkable that the owner was not infected.
Clinical progression in all affected cats was fulminant, with cats B and C being euthanised within 2 weeks of becoming dyspnoeic.
The incubation period for M. bovis differs depending on the route and dose of infection. When a large infecting dose is administered by subcutaneous injection, death occurs in 28-48 days (Francis, 1958) . This suggests that the cats in this outbreak were exposed to multi-bacillary infection, which is supported by seeing numerous AFB histologically in cat A′s PME. Cats C-E were only partially treated (Gunn-Moore, 2014) as rifampicin is prohibited for use in animals in
Italy (L'istituto Zooprofilattico della Lombardia e dell'Emilia Romagna;
http://www.izsler.it/izs_bs/s2magazine/index1.jsp?idPagina=10), which may explain why cat C deteriorated rapidly, and although the others remained clinically well, PME showed disseminated infection in all cats. Of note, is the lack of clinical signs, until late in disease, which has been reported previously with tuberculous pneumonia in cats (Bennett et al., 2011) .
Where monitoring in areas of endemic infection is good, cases of TB in cats are now being recognised frequently (Broughan et al., 2013; Gunn-Moore, McFarland, Brewer, Crawshaw, Clifton-Hadley, Kovalik et al., 2011; Gunn-Moore et al., 2013) . Whether there are more infections or just better awareness and reporting is unclear;
however, it suggests that there should be recognition of this risk when moving cats internationally, whether as part of a breeding programme (as here) or when tourists rescue "holiday pets". It is of note that the UK Pet Passport Scheme (UK Pet Passport Scheme https:// www.daera-ni.gov.uk/articles/travelling-pets). does not test for TB in imported pets.
| CONCLUSION
This outbreak shows that infection with M. bovis can be a serious clinical disease, even in young previously healthy indoor-only cats, and if the infection is not recognised, it can be rapidly fatal in a multiple-cat-household, posing zoonotic risk to the owners and attending veterinarians. The international movement of pets risks spreading this infection within counties and across borders.
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